(OR 2.71, 95% CI 1.50-4.89 for opiates; OR 1.40, 95% CI 0.87-2.24 for cocaine). Both substances were associated with greater odds of albuminuria (OR 1.20, 95% CI 0.83-1.73 for opiates; OR 1.80, 95% CI 1.29-2.51 for cocaine). Neither substance was associated with the rapid decline of kidney function. Conclusions: Lifetime opiate and cocaine use was associated with prevalent reduced eGFR and albuminuria, yet not with rapid kidney function decline. The use of opiate and cocaine may be an important risk factor for CKD in urban populations.
Baltimore, Maryland, heroin use represents a significant public health concern [2] [3] [4] . The Baltimore Mayor's Heroin Task Force estimated that nearly 19,000 individuals in Baltimore used heroin in 2014 [4] . The impact of this problem is reflected in Baltimore's heroin associated overdose death rate, which rose by 21% during the period from 2013 to 2014, and is 8 times the rate of death that occurs due to motor vehicle accidents [4, 5] . The majority of Baltimore's overdose-related deaths in 2014 were related to the use of heroin, and approximately one third were related to cocaine use [3] .
Baltimore is among the top 25 cities in the United States with regard to the incidence and prevalence of endstage renal disease (ESRD) [6] . While many studies have identified putative risk factors for kidney disease, connections between opiate and cocaine use and kidney disease remain uncertain [7, 8] . Given the impact of opiate and cocaine use on kidney disease in urban areas like Baltimore, it is important to elucidate if use of these substances increases the risk for kidney disease. We sought to determine the association of opiate and cocaine use with prevalent reduced estimated glomerular filtration rate (eGFR), albuminuria and rapid kidney function decline among a prospective cohort of urban-dwelling adults. Understanding whether opiate and cocaine use is a modifiable risk factor for adverse kidney outcomes could further enable the development of more targeted interventions and public policies for this population.
Methods

Study Design
We examined data from the National Institute on Aging, Healthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS) study. HANDLS is a population-based cohort study about the influences and interaction of race and socioeconomic status (SES) on the development of cardiovascular and cerebrovascular health disparities among minority and lower SES subgroups [9] . HANDLS participants include white and black individuals between the ages of 30 and 64 who live in 13 census tracts in Baltimore City, Maryland. Household enrollment was from August 2004 to November 2008. Each participant provided written informed consent. The National Institute of Environmental Health Sciences, National Institute of Health approved the study protocol.
Participants
This study was limited to HANDLS participants for whom baseline serum creatinine values were known; they responded to questions about opiate and cocaine use. Of 3,720 HANDLS participants, 1,066 were excluded due to absence of data on kidney function, and 368 were excluded due to absence of data on opiate and cocaine use; thus, only 2,286 participated in the baseline analysis. Of 2,286 participants in the baseline analysis, 621 (27.2%) participants were excluded due to absence of data on eGFR decline, leaving 1,665 for rapid eGFR decline analysis. Of those 2,286, 634 (27.7%) were excluded due to absence of data on urine albumin-to-creatinine ratio. Compared to those who were excluded, participants included in the baseline analysis (n = 2,286) were older (48 vs. 47 years), and more likely to be female (56 vs. 52%) and white (43 vs. 38%; p value <0.05 for all); poverty status was the only common factor between the two groups. Included participants were less likely to report lifetime use of cocaine and opiates than those who were excluded due to the absence of creatinine information (22 vs. 29% for cocaine, and 15 vs. 25% for opiate use among included and excluded participants, respectively).
Measurements and Definitions
All participants underwent an initial household survey and then a medical assessment in a mobile research vehicle (MRV). The household survey included self-reported information on demographics and SES. The MRV medical assessment was obtained by healthcare providers, and included a medical history, substance use history, physical exam, and baseline laboratory measurement [9] [10] [11] . Independent variables of interest included opiate and cocaine use, which were self-reported at the time of medical assessment. Opiate use was defined as lifetime use of heroin, morphine and/or codeine ≥ 5 times. Cocaine use was defined as lifetime use of cocaine and/or crack ≥ 5 times regardless of the route of ingestion. In the sensitivity analysis, current opiate and cocaine use was defined as the use within 1 month of the interview.
Dependent variables included prevalent reduced eGFR, albuminuria, and rapid kidney function decline. eGFR was calculated using the Chronic Kidney Disease (CKD)-Epidemiology Collaboration creatinine-based equation for calibrated serum creatinine [12] . Baseline creatinine was measured once at the baseline medical assessment (HANDLS wave 1). Follow-up creatinine was obtained during the HANDLS wave 3 assessment. Reduced eGFR was defined as baseline eGFR <60 ml/min/1.73 m 2 . Serum creatinine was measured for 8% of participants at the NIA Clinical Research Branch Core Laboratory using modified kinetic Jaffe method (CREA method, Dade Dimension X-P and Clinical Chemistry System, Siemens Healthcare Diagnostics Inc., Newark Del., USA) and was measured for the remaining participants at Quest Diagnostics, Inc., by isotype dilution mass spectrometry (Olympus America Inc., Melville, N.Y., USA) and standardized to the reference laboratory at the Cleveland Clinic. Albuminuria was defined as urine albumin-to-creatinine ratio >30 mg/g using baseline urine measurements. Urine albumin concentration was measured at Quest Diagnostics, Inc., using an immunoturbimetric assay (Kamiya Biomedical Co., Seattle, Wash., USA). Rapid kidney function decline was defined as reduction in eGFR >3 ml/min/1.73 m 2 per year over a median of 4.7 years of follow-up [13] .
Covariates included demographic and SES information, such as race (black or white), age, gender, health insurance status, poverty status (income above or below 125% of the federal poverty level), and highest completed grade level. Additional covariates included health behaviors and medical conditions, such as problem drinking, cigarette use, hypertension, diabetes mellitus, HIV, and hepatitis C and B infection. Problem drinking was defined as the use of alcohol in the last 6 months in the setting of (A) being told to stop by a health care professional, or (B) during responsibilities such as work, school or taking care of children. Individuals were classified as smokers if they reported current tobacco use.
Participants underwent sitting and standing blood pressure measurements on each arm using the brachial artery auscultation method. Hypertension was defined as systolic blood pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg, (obtained using an average of seated and standing systolic and diastolic blood pressures), a history of blood pressure medication use, or self-report of hypertension. Diabetes mellitus was defined as fasting plasma glucose concentration of ≥ 126 mg/dl (7.0 mmol/l), self-report of diabetes or history of diabetic medication use. HIV status was measured using an HIV-1/HIV-2 enzyme-linked immunoassay. Hepatitis B and C viruses were defined as patients self-reporting of having been affected by this infection in the past.
Statistical Analysis
Participant characteristics were compared according to the substance use status using chi-square tests or Fisher exact tests for categorical variables and analysis of variance tests for continuous variables. Multivariable logistic regression was performed to determine the presence, direction and magnitude of the association between substance use status and reduced eGFR, albuminuria and rapid kidney function decline. Confounders included in the multivariable models were age, gender, race, poverty status, insurance status, problem drinking, smoking status, and comorbidities (hepatitis B, hepatitis C, HIV status, hypertension and diabetes).
In all analyses, we controlled the possibility of confounding by US census tract using the fixed effects modeling, clustered on neighborhood. Statistical analyses were performed using STATA software, version 13 (StataCorp, College Station, Tex., USA). A two-sided p < 0.05 was used as the level of significance for all tests.
Sensitivity Analysis
In a sensitivity analysis, we used current opiate and/or cocaine use as the independent variables of interest, and examined their association with reduced eGFR, albuminuria and rapid kidney function decline. To assess the impact of potential laboratory variability, we repeated our initial evaluation by involving only those participants who had serum creatinine measures (both at the time of enrollment and during follow-up) performed at Quest Diagnostics.
Results
The mean age of participants was 48 years, 57% were African American, 15% reported lifetime use of opiates, and 22% reported lifetime use of cocaine ( table 1 ) . Individuals who reported lifetime use of opiates and cocaine were more likely to be male, African American, living in poverty, lacking health insurance, and with lower mean education than individuals without a history of drug use (p < 0.001 for all variables). They were more likely to report tobacco use and problem drinking than those who did not use opiates and cocaine (p < 0.001 for both variables). They were also more likely to have a history of Hepatitis C and Hepatitis B (p < 0.001 for both variables), although there was no association between opiate and cocaine use and HIV. Individuals who used cocaine were less likely to have diabetes (p = 0.001), but there was no association between diabetes and opiate use; those who used opiates were less likely to have hypertension (p = 0.04), but there was no association between hypertension and cocaine use. A total of 115 (5%) participants had reduced eGFR, 190 (11.5%) had albuminuria, and 230 (13.8%) had rapid kidney function decline ( table 2 ). After adjusting for age, gender, race, poverty, insurance, smoking status, problem drinking, hypertension, diabetes, HIV status, Hepatitis C and Hepatitis B infection, participants with a history of opiate use had a greater odds of reduced eGFR than those without a history of drug use (OR 2.71, 95% CI 1.50-4.89). A similar pattern was seen for lifetime cocaine use and reduced eGFR, but this was not statistically significant (OR 1.40, 95% CI 0.87-2.24). Participants with a history of cocaine use had a greater adjusted odds of albuminuria (OR 1.80, 95% CI 1.29-2.51), but the relationship between opiate use and albuminuria was not statistically significant (OR 1.20, 95% CI 0.83-1.73). Lifetime opiate and cocaine use was not associated with increased adjusted odds of rapid kidney function decline (OR 0.86, 95% CI 0.70-1.04 for opiates; OR 0.93, 95% CI 0.60-1.45 for cocaine).
Sensitivity Analyses
Current drug use data were available for 2,278, 1,648, and 1,660 participants for reduced eGFR, albuminuria, and rapid eGFR decline outcomes, respectively ( table 3 ). After adjustment, individuals currently using opiates were more likely to have reduced eGFR than those not currently using them (OR 2.84, 95% CI 1.16-6.93). A similar pattern, although not statistically significant, was seen for those currently using cocaine (OR 1.76, 95% CI 0.85-3.64). Those currently using cocaine were more likely to have increased adjusted odds of albuminuria (OR 4.15, 95% CI 2.07-8.29), but there was no statistically significant relationship between current opiate use and albuminuria. Similar to our primary analysis, current opiate and cocaine use was not associated with adjusted odds of rapid kidney function decline. Analyses restricted to participants with all labs drawn at Quest Diagnostics yielded results that were similar to those of the primary analyses (data not shown).
Discussion
Among urban-dwelling adults, we found that there was an association between opiate and cocaine use and adverse kidney outcomes. Specifically, lifetime opiate use was independently associated with prevalent reduced kidney function, and lifetime cocaine use was associated with albuminuria. Lifetime cocaine use had a similar relationship with reduced kidney function, as did historical opiate use and albuminuria, although these findings were not statistically significant. Lifetime opiate and cocaine use was not associated with rapid kidney function decline over 5 years of follow-up. Examination of current opiate and cocaine use revealed similar findings to those found with lifetime use, but with greater magnitude of the associations. Thus, lifetime or current use of opiates and cocaine may be risk factors for reduced kidney function and/or albuminuria.
To our knowledge, this is the first population-based prospective study to examine the relationship between opiate and cocaine use and kidney outcomes in an urban population, and to extend the findings of prior investigations. A prospective study by Vupputuri et al. [8] among hypertensive men at the Veterans Administration found that ongoing use of cocaine and psychedelic drugs was associated with 3-3.9 times increased odds of developing mild kidney function decline (defined as a rise in creatinine of 0.6 or greater). In a case-control study comparing adults with ESRD to controls in the general population, Perneger et al. [14] found that those with a history of opiate use were 19.1 times more likely to develop ESRD than those without prior use. Norris et al. [15] compared the history of cocaine use in hemodialysis patients with and without hypertension-associated ESRD (HTN-ESRD) , and found that those who used cocaine were 9.44 times more likely to have HTN-ESRD than those who never used. However, Akkina et al. [7] examined data from the National Health and Nutrition Examination Survey (NHANES), and found no difference in prevalence of CKD (defined as reduced eGFR and/or albuminuria) among those with or without a history of lifetime drug use. These studies, and ours, suggest that the strength of the association of drug use with kidney disease outcomes may vary by the temporal relation of drug use with the assessment of outcomes, and may vary across demographic and clinical populations. For example, the differences seen between our findings and those of Akkina et al. [7] may reflect variability in the timing of drug use, study populations and setting. Akkina et al. [7] evaluated the relationship between reported lifetime use but did not specifically look at current or ongoing drug use. NHANES included both urban-and non-urban-dwelling adults of whom 76% were white, whereas HANDLS participants were all urban dwelling and 57% self-identified as African American. The type of drugs examined also differed among the study populations; Akkina et al. [7] included only heroin use in their analysis of opiates, whereas we examined heroin, morphine, and codeine. Thus, our conflicting findings regarding opiates may be partially influenced by the misuse of prescription narcotics among HANDLS participants.
The pathophysiologic link between drug use and kidney disease is poorly defined. Cocaine inhibits the presynaptic reuptake of catecholamines, thereby increasing the stimulation of sympathetically innervated tissues and adrenal norepinephrine and epinephrine secretion [16] [17] [18] . Potential renal injury occurs due to vasoconstriction and alteration of glomerular microcirculation via the actions of norepinephrine, endothelins [16, 17, 19] , the renin-angiotensin-aldosterone system [16, 20] , and the L -arginine-nitric oxide pathway [16, 21] . Cocaine has also been shown to increase oxidative stress and reduce intracellular glutathione in renal epithelial cells [22] . However, pathologic lesions described in rat studies [23] and human autopsy reports [24] vary greatly. Thus, the exact mechanism of injury from cocaine and resulting pathology remains unclear.
Similarly, the pathophysiologic link between opiate use and kidney disease is incompletely understood. In vitro studies demonstrate that heroin's active metabolite, morphine, has direct effects on mesangial cell proliferation and matrix deposition, fibroblast proliferation, and macrophage activity [25] [26] [27] [28] [29] [30] . Morphine triggers glomer-ular epithelial cell growth and apoptosis at lower and higher concentrations, respectively [31] , and increases oxidative stress [26, [31] [32] [33] . In vivo data are lacking [16] . Historically, several pathologic lesions including focal segmental glomerulosclerosis, sclerosing glomerulonephritis, focal membranoproliferative glomerulonephritis, among others have been described in people who used opiates [16] . However, it has been difficult to separate the isolated impact of opiates from commonly co-occurring infections such as infective endocarditis, HIV, and hepatitis, all of which are associated with distinct renal pathologies. Renal injury might also arise from various drug adulterants and carriers, such as with levamisole in cocaine and associated vasculitis [34] . Amyloidosis has been documented in those using IV drugs in the setting of chronic skin infections and inflammation due to 'skin popping' [16, [35] [36] [37] . Thus, the exact relationship between opiate and cocaine use and kidney disease is likely multifactorial, resulting from the substances, adulterants or drug carriers, and co-occurring hemodynamic, inflammatory and infectious processes.
Our study had limitations. First, we lacked complete data on albuminuria and follow-up eGFR, and relied on self-report of drug use, which may have been subject to underreporting. We also relied on a single measure of albuminuria, which may have misclassified persons with only transient albuminuria. Second, our focus on lifetime use, defined as at least 5 times over the life span, may not have captured the potential individual impact of cumulative amount used or pattern of use over time. Our sensitivity analyses of current use, however, did support the primary findings of our study. Third, we examined a relatively short duration of follow-up (5 years), which may not have fully captured the impact of opiate and cocaine use on persons with preserved kidney function at baseline. Fourth, the results from our study may not be generalizable to non-urban populations. Our study focused on morphine derivatives, and thus does not capture the potential impact of several commonly used opioids including oxycodone, methadone and fentanyl. Fifth, it is unclear if our findings reflect a causative link between opiate use and reduced eGFR, or rather the increased use of opiates in this population due to limited alternative options for pain control because of recommended avoidance of non-steroidal anti-inflammatory agents in CKD patients. Sixth, selected participants were less likely to report lifetime use of cocaine and opiates than participants in the overall HANDLS study; thus, we likely provided a conservative estimate of opiate and cocaine use in Baltimore, which may have influenced the observed associations with kidney outcomes. Finally, while we adjusted for several potential confounders of the association of opiate and cocaine use and kidney outcomes, residual confounding is likely.
The limitations of our study are balanced by its prospective design and our focus on a high-risk, urban population. The challenge henceforth lies in how to address this potentially modifiable risk factor for kidney disease. Both opiate use and cocaine use were associated with living below the federal poverty level and lack of health insurance at study baseline. Thus, people who use opiates and cocaine may encounter barriers to care-and health-promoting behaviors that amplify the detriment they face as a direct consequence of substance use. Further and continued support for understanding community-based substance use disorders is needed, as are public policies that prioritize the availability of these services. Additional research is warranted investigating the impact of opiate and cocaine use on kidney outcomes, and on the interaction between drug use and other known risk factors for CKD.
